Two new metal-organic frameworks, namely, [Cd(L)(H 2 O)] n (1) and {[Cd 0.5 (L)(4,4′-bipy) 0.5 ][Cd 0.5 (H 2 O) (4,4′-bipy) 0.5 ]·H 2 O} n (2), where H 2 L = N-pyrazinesulfonylglycine and 4,4′-bipy = 4,4′-bipyridine, have been synthesized and characterized by single-crystal X-ray diffraction, IR spectroscopy, elemental, thermogravimetric, and photoluminescent analysis. X-ray diffraction crystallographic analyses indicate that 1 displays a distorted octahedral metal coordination in a 3-connected (4, 8 2 ) topology, while the molecular structure of 2 has a 4-connected (4, 4) topology with two perfectly octahedrally coordinated Cd centers. The L 2− ligand serves as a N,N,O-tridentate, μ 2 -pyrazine-bridging, and μ 2 -carboxylate-bridging ligand in 1, and as a N,O-bidentate and μ 2 -carboxylate-bridging ligand in 2. In the crystal, a 3D supramolecular architecture is formed by O-H···O hydrogen bond interactions in 1, but through O-H···O as well as π···π stacking in 2. The two compounds show intense fluorescence in the solid state at room temperature.
Introduction
Metal-organic frameworks (MOFs) as an important class of crystalline materials have been attracting significant attention due to their extensive applications in luminescence, gas adsorption, magnetic switching devices, catalysis, and others [1] [2] [3] [4] [5] . MOFs not only show remarkable structural diversity but also possess synergistic effects between organic and inorganic components. Many studies on MOFs have focused on mixed-ligand systems of different aromatic polycarboxylate and neutral heterocyclic coligands, which have shown interesting luminescent and magnetic properties [6] [7] [8] [9] [10] . However, the rational design and synthesis of MOFs with unique structure and function is an intricate problem, and still remains a big challenge. The resultant MOF is generally influenced by various chemical and physical factors, such as medium, pH value of solution, temperature, the nature of metal ions, coordination geometry, and number of coordination donors provided by organic ligands [11] [12] [13] [14] [15] . The most effective strategy to synthesize MOFs is to choose suitable organic ligands and metal ions. Amino acid derivatives have attracted considerable attention because they are naturally chiral as well as inexpensive and have rich coordination modes to metal atoms, which make them ideal organic ligands for preparing MOF materials [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . The N-tosyl-l-glutamic acid is an ideal candidate for assembling chiral MOFs because it contains multiple N and O donors and tends to generate flexible chiral chains [32] [33] [34] . Although there are a great number of MOFs constructed from aromatic functionalized amino acids, just a few MOFs containing pyridine-functionalized amino acids have been reported [35, 36] . In a search of the Cambridge Crystallographic Database (CCDC) [37] , there are still no crystal structure reports of combinations of pyrazinylsubstituted amino acids as ligands for the construction of MOFs. Cd 2+ with its filled d-shell orbitals (d 10 ) has no unpaired electrons and facilitates linker-based photoemission. It can exhibit variable coordination numbers and geometries, and therefore, structural diversities in cadmium MOFs will inevitably occur.
N-Pyrazinesulfonyl-glycine (H 2 L, Scheme 1), with both a flexible (-NHCH 2 COOH) and a rigid moiety (pyrazinyl ring), is a good choice for constructing multifunctional MOF materials. H 2 L may coordinate to transition metal ions by chelating and bridging modes with multifunctional coordination sites of N and O atoms of the pyrazine, imine, sulfonyl, and carboxylate groups. Recent studies have demonstrated that ancillary ligands can tune the connectivity modes of metal ions and organic ligands to reach the goal of controlling the dimensionalities and structures of MOFs, especially those with N-donor ligands. 4,4-Bipyridine is an excellent rigid bridging ligand for the design and construction of MOFs. Based on the above-mentioned consideration, to investigate the effect of the coordination modes of H 2 L and N-donor ancillary ligands on the structural assembly and diversity, we designed and obtained two new compounds (Scheme 1), which have been characterized by single-crystal X-ray diffraction, IR spectroscopy, thermogravimetry, and elemental analysis. Their luminescence properties have been investigated.
Results and discussion

Description of the structure of [Cd(L)(H 2 O)] n (1)
The single-crystal X-ray diffraction structural analysis has revealed that 1 is a two-dimensional coordination polymer, whose asymmetric unit is comprised of one Cd 2+ , one doubly deprotonated chelating ligand L 2− , and a coordinating water molecule. The metal ion is hexa-coordinated with N1, N2, O1, and O2 i , N3
ii (symmetry codes: i, -x + 1/2, y -1/2, -z + 3/2; ii, x -1/2, -y + 1/2, z-1/2) atoms from three different L ligands, and O5 from a water molecule, resulting in a distorted octahedral configuration ( Fig. 1a and Table 1 ). The equatorial plane of 1 is defined by three donor atoms (N1, O1, O2 
O5-H5A···O2 v and O5-H5B···O3 vi (symmetry codes: v, x, y -1, z; vi, -x + 1, -y, -z + 1) constitute three edgesharing hydrogen-bonded rings, 20 3 , R 12 2 , R and Fig. 1d and Table 2 ). These rings alternate in the structure by translation along the b axis. The neighboring 2D MOF layers are also linked by non-classical C-H···N and C-H···O hydrogen bonds of imine N (N1) and sulfonyl oxygen atom (O4) with C···N and C···O distances of 2.47 and 2.53 Å, respectively. However, their contribution to the overall lattice energy must be very small. Thus a supramolecular 3D network fragment is formed by O-H···O, C-H···N, and C-H···O interactions stabilizing the coordination polymer. Different from 1, the L 2− ligand is bidentately chelating to Cd1, and μ 2 -carboxylate bridging to Cd2, forming a {[Cd(L) 2 ][Cd(H 2 O) 2 ]} n zigzag chain along the c axis ( Fig. 2b) with Cd···Cd separations of 5.7425(3) Å. To the best of our knowledge, this coordination style of the tridentate chelate ligand is rare among related compounds [39] . These significant differences further certify that the ancillary N-donor ligands are good connectors for Intermolecular O-H···O hydrogen bonds constitute 18 4 , R 12 6 , R 6 1 , R and two kinds of 6 2 R rings through the coordinated H 2 O (O6, donor), the solvate H 2 O (O5, donor and acceptor), the uncoordinated sulfonyl O atom (O3, acceptor), and the carboxylate group (O1 and O2, acceptors). These rings alternate by translation along the c axis (Fig. 2e and Table 2 ) and link the grid layers in reversely alternating parallel arrangements, defining a 3D hydrogen-bonded network supporting the supramolecular architecture. Furthermore, between adjacent layers, there exist stacking interactions between the pyrazine (N2-C3-C4-N3-C5-C6) and the pyridine rings (N4-C7-C8-C9-C10-C11 and N5-C12-C13-C14-C15-C16) (face-to-face). The dihedral angles between the two planes are 3.7(2) and 8.9(2)°, respectively, with centroid-to-centroid distances of 3.735(3) and 3.768(3) Å. Thus, these layers are extended into an interwoven 3D supramolecular architecture through O-H···O and π···π interactions.
Description
Infrared spectra of 1 and 2
Comparing infrared spectra of the free ligand to those of its complexes provides information about the coordination of the ligand. 
Thermogravimetric analyses of 1 and 2
In order to explore the thermal stability of these materials, thermogravimetric studies have been performed in a nitrogen atmosphere at a heating rate of 10°C min −1 between 20 and 1000°C. For compound 1, a weight loss of 5.3% was observed in the region 240-280°C, which is attributed to the release of the coordinating water molecule (calcd. 5.2%). A continuous decomposition of the framework occurred above 280°C (Fig. 3) corresponding to the loss of pyrazine of units (obsd: 22.6% and calcd: 22.5%) in the temperature range 280-300°C. Then, a series of complicated weight losses as observed as the temperature was further increased. In the case of 2, there was a weight loss of 7.0% below 100°C, which is attributed to the release of coordinating and free water molecules (calcd. 6.9%). The second weight loss took place above 260°C and corresponds to the loss of 4,4′-bipyridine and pyrazine units (obsd: 40.1% and calcd: 39.8%) in the temperature range 260-310°C. Above 310°C, a series of further complicated weight losses were observed.
Fluorescence properties of 1 and 2
The solid-state emission spectra of 1, 2 and the free proton-containing ligand H 2 L were investigated at room temperature. As is shown in Fig. 4 , the free H 2 L ligand exhibits emission with a maximum at 420 nm upon excitation at 350 nm, which is ascribed to π*→n or π*→π electronic transitions. In comparison with free H 2 L, the emissions of 1 (λ em = 502 nm, λ ex = 312 nm) and 2 (λ em = 476 nm, λ ex = 403 nm) show a red-shift of 82 and 56 nm, respectively. The red-shift can be attributed to coordination of the ligands to Cd centers. 1 and 2 have a similar band shape and a high intensity in comparison with the free H 2 L. One is the coordination effect and the other is hydrogen bonding. Generally, the rigidity of the ligand increases in a complex, giving enhanced fluorescence efficiency.
Conclusions
In summary, two cadmium MOFs based on the L 2− ligand with different structural motifs have been synthesized and characterized. They show a different topology of their 3D supramolecular structures in the solid state supported by intermolecular hydrogen bonding or/and aromatic π-π interactions. The fluorescence properties indicate that 1 and 2 may be the candidate for photoactive materials.
Experimental section
Materials and physical methods
H 2 L was synthesized by the literature methods [40, 41] . All other chemicals were commercially available and used as received without further purification. The elemental analyses (C, H, N, and S) were performed on a Perkin-Elmer 240C apparatus. FT-IR spectra were recorded from KBr pellets in the range of 4000-450 cm −1 on a Varian FT-IR 640 spectrometer. Thermogravimetric analyses were performed under nitrogen with a heating rate of 10°C min −1 using a Perkin-Elmer thermal analyzer. Luminescence spectra were obtained in the solid state at room temperature from a Cary eclipse spectrofluorometer (Varian) equipped with a xenon lamp and quartz carrier. NaOH solution, and the resulting mixture was stirred at 333 K for 1 h. Then 2 mL of an ethanol solution of 4,4′-bipyridine (0.032 g, 0.2 mmol) was added slowly, and the stirring continued for 2 h. The mixture was cooled to room temperature and filtered. The filtrate was allowed to slowly concentrate by evaporation at room temperature. Two weeks later, colorless block-shaped crystals suitable for X-ray structure analysis were obtained in a yield of 20% (based on Cd). 
Synthesis of [Cd(L)(H 2 O)] n (1)
H
X-ray crystallographic studies
Single-crystal data collections were performed on a Bruker Smart Apex II CCD diffractometer with graphitemonochromatized MoKα radiation (λ = 0.71073 Å) at 296(2) K. The structures were solved with Direct Methods using Shelxs-97 [42, 43] , and structure refinements were performed against F 2 using Shelxl-97 [44, 45] . All nonhydrogen atoms were refined with anisotropic displacement parameters. Carbon-bound H atoms were placed in calculated positions (d C−H = 0.93-0.97 Å) and were included in the refinement in the riding model approximation, with U iso (H) set to 1.2U eq (C). The H atoms of coordinated and lattice water in 1 and 2 were located in difference Fourier maps, and were refined with distance restraints of d(O-H) = 0.85 ± 0.01 Å and d(H···H) = 1.39 ± 0.02 Å. Their displacement parameters were tied to those of the parent atoms by a factor of 1.5. The DFIX, SADI, and DANG instructions from Shelxl have been applied to constrain distances of O-H, Cd-H, and H···H in 1 and 2. Further details of the structure determinations are summarized in Table 3 .
CCDC 1471919 (1) and CCDC 1471920 (2) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via http://www.ccdc.cam. ac.uk/data_request/cif. 
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